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• CROSS TOLERANCE BETWEEN LSD -25 AKD PSILOCYBIN. 


Recently It has been shown (Hofmann et s!_, 1958a; 

Isbell, 1959) that G-?hosphory 1 -lp-hyd roxy-N-d Ima thy 2 tryptam'ins 
(hereafter referred to as psilocybin), a compound isolated from 
certain species of mushrooms {Hofmann ct al, 1958b) which are 
tised ceremonially by Mexican Indians {Wasson and V/asson, 1957), 
ha3 psychotomimetic properties very similar to those of LSD-25, 
ins close resemblance of the patterns of symptoms induced by 
LSD and psilocybin suggested that these drugs cause a psychosis 
by some common biochemical or physiological mechanism. Since 
the effects of LSD diminish rapidly when the drug Is given 
daily (Isbell st 1956), it was felt that the hypothesis 
that the LSD and psilocybin psychoses are identical could be 
tested by determining if cross-toi cranes existed between the 
two drugs. In other v/ords, if the degree of the reaction 
Induced by a given dose of psilocybin wan significantly less 
in a person mads tolerant to LSD, cross tolerance would bo said 
to exist, and, conversely, the reaction to a given dose of LSD 
should be reduced In a person tolerant to psilocybin. In the 

latter case, it is implied that tolerance to psilocybin would 
develop. 




METHODS 


* ■ 


Sub tects * Fiv® male former opiate addicts who were 
serving sentences for violation of the tl* S* narcotic law3 
volunteered for the experiments® Their ages varied between . 

2% and 2o years* All were physically healthy and none presented 
any evidence of the major psychoses* All had received LSD-25 
in previous experiments* 

General Conditions* The subjects were housed in a special 

x 

ward devoted to clinical research. Temperatures, respiratory 
rates and blood pressures were measured three times daily after 
the patients had rested quietly in bed during days in which 
special measurements were not being made* The patients were 

observed by specially trained aides with long experience in. 

* 

detecting drug-induced changes in behavior* 

Drugs * The design of the experiment is summarised in 
Table i* LSD and psilocybin were given in 30 ec of cherry syrup 
at 3 a.a* with the patients fasting* All doses were calculated 
on a racgAg basis* Control experiments were carried out, using 
1.5 mcgAs of LSD, 150 mcgAs psilocybin and a placebo, 
before the first period of chronic intoxication and after the 
period of placebo medication prior to the second period of 
intoxication* Control tests with iSD and psilocybin were 
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conducted at least five day3 apart in order to prevent the 
development of tolerance* The order of administration of 
placebos, LSD and psilocybin was randomized In both control 
periods* 

Thsre were two periods of , chronic drug administration — 
one with LSD and one with psilocybin* The order in which the 
5> patients received the' drugs chronically (first or second) 
was randomized, with 3 receiving LSD first and 2 receiving 

s 

psilocybin first* After the necessary measurements had been 
obtained, LSD or psilocybin was replaced with placebos for at 
least seven days, after which the second controls were obtained* 
Following this placebo period, those patients who had received 
LSD chronically received psilocybin chronically, and vies versa* 

The doses of LSD and psilocybin on the first day of 
chronic intoxication wore G*25 meg/kg and 25? aeg/kg respectively* 
These doses were increased by 0*25 neg/kg (LSD) or 25 meg/kg 
(p 3 ilocy bin) on each succeeding day until 1.5 meg/kg of LSD or 
150 iscg/kg of psilocybin were being given on the sixth day* 

On the eighth or ninth day of chronic administration detailed 
measurements were made after administration of the drug which 
the patient had been receiving chronically# This served as a 
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test of "direct* tolerance to that dreg. On the subsequent 
day* the patient was "challenged” with, the drug (1.5 racg of 
LSD or 150 meg of psilocybin) that he had not been receiving. 
This served as a test of ** 01 * 053 ” tolerance* 

The patients were then placed on placebos for Jrl 0 days 
after which they were tasted again with placebo, 1.5 meg/kg of 

j 

LSD, and 150 meg/kg of ‘psilocybin. These "second controls” 
were obtained to determine if tolerance had been lost. 

The patbent 3 were then returned to chronic nodi cation 
following the schedule described above* with those patients 
who received LSD in the first period of chronic administration 
now being given psilocybin, and vice versa* The patients were 
then challenged with L.SD and psilocybin in the manner described 
above* • 

Observation's . During each day of the control periods and 
the periods of chronic drug administration during which the 
patients ware "challenged" with placebo, LSD or psilocybin 
the following observations ware made at hourly intervals twice 
before and eight times after administration of the drugs; 
rectal temperature, pulse rate, systolic blood pressure, 
pupillary sics, and threshold for elicitation of the kneejerk. 


The. methods used were those previously described (Isbell at fil, 
19561 Isbell et si, 1959; Isbell, 1959). la addition the 
patients completed, with the help of an aide, a special 
questionnaire at hourly Intervals from 7:30 a.n. to 300 p.m. 

At these sane times, general notes on behavior were written. 
Clinical grades of the Intensity of the reaction were assigned 

on the basle of the system of Isbell £t;.3L (1956). 

tnaivsla of Data . After drug administration the change 
In rectal temperature, pulee and respiratory rates, pupillary 
size, blood pressure and threshold for elicitation of the 
toss jerks were calculated by subtracting the average of the 
two pre-drug observations froa the values obtained at various 
hours. The areas under the tlae-sctlon curves for each 
particular measurement composed of these figures were calculated 
by the method of Sinter and Flataker (1950), thus converting 
all the data on a particular subject, a particular drug and a 
particular day to one .figure termed "degree-hours" (temperature), 
"beat-hours" (pulse rate), etc. The total number of positive 
responses on the questionnaire were counted over the entire 
period, eliminating answers which were also scored positively 
before the drug. Means and standard errors of means wore 
calculated according to standard statistical techniques. 
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The differences in the various measurements after placebo, 

X.5 sicg/kg of LSD, and 1 50 megAo of psilocybin in the first 

and second control periods were evaluated by a t-tsst for paired 

observations {Edwards, I9l;6}. Sines none of tbs differences 

* 

were statistically significant in the two sets of controls, they 

were avsraged and th® ayerages' ; u 3 ed in evaluating the presence 

/ 

and degree of tolerance' and cross-tolerance* 

The differences In the effect of LSD and psilocybin after 
chronic adding trail on of LSD and psilocybin were then evaluated 
by the sane statistical technique for differences in paired 
observations* Four comparisons vrcre Hades { i ) response to LSD 
after chronic administration of LSD {direct tolerance to LSD); 

{2) response to psilocybin after chronic administration of LSD 
{cross tolerance LSD and psilocybin); { 3 } response to psilocybin 
after chronic administration of psilocybin {direct tolerance to 
psilocybin); and (!*} response to LSD after chronic administration 
ef psilocybin (cross tolerance psilocybin and LSD). Tha signs 
of the differences were so arranged that a minus {-) sign 
indicated a decrease in the measurement after chronic intoxication 
as compared with control, and a plus (*) sign indicated an 
increase* 
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; RESULTS 


The differences between, the first and second controls are 
shown, in Table 2. None of the differences are statistically 
si gnif leant, as indicated by the large standard errors. There 
did seen to be a tendency for the measurements of pulse rate, 

blood pressure, and threshold for the knee Jerk to decrease on 

/ • ; 

the second control. A slight decrease in the number of positive 
res senses on the second control also occurred with both LSD and 

* s 

psilocybin. * These -decreases nay possibly indicate that sexa® 
degree of residual tolerance and cross tolerance wa3 present 
even after a week’s tine* 

The differences in the responses to LSD and psilocybin 

after chronic administration of either drug are shown in Table 3 

The first column shews the response to LSD after chronic 

» % 

administration of LSD, and reflects direct tolerance to LSD. 

The second column shows the response to psilocybin after chronic 
treatment with LSD, and reflects “cross* tolerance between LSD 
and psilocybin. The third column shows tho response to LSD afts 
chronic administration of psilocybin, and is a measure of cross 
tolerance between LSD and psilocybin. The la3t (fourth) colusn 
shows the response to psilocybin after chronic treatment with 
psilocybin, and is a measure cf direct tolerance to psilocybin* 
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Inspection of the table shows that all the 3lgns were minus 
signs* which suggests the presence of tolerance and cross 
tolerance to both'drugs* In the case of -direct tolerance (first 
column) to LSD, tha changes were highly significant statistically 
(P <0*01) on three measures (blood pressure, pupillary size, and 
clinical grade) and significant (P <0*0p) cn one measure (pulse 
rate)* In the case of direct tolerance to psilocybin (fourth 
column), highly significant decreases vsrc observed in threshold 
far tha knee Jerk, and on clinical grade* A significant change 
in the pulse rat® was also 3een» In the cass of cross tolerance 
between LSD and psi’locybin, a highly significant decrease was 
observed in th3 threshold for the knee jerk, and significant 
decreases were seen on blood pressure, pupillary oise and 
clinical grade* The results are not as clear in case of cross 
tolerance between psilocybin and LSD (column 3-)* Although the 
responses were less on all measures, the changes were signif- 
icant only in the cases of the blood pressure and clinical 
grade* 

The d&ta leave little doubt that a great deal of direct 
tolerance to LSD was induced, and that, vihila ths patients were 
tolerant to LSD, considerable cross tolerance to psilocybin was 
present* In ths case of direct tolerance to psilocybin. 
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Interpretation £a not as easy* Although all the changes were 
ia the proper direction, and, in the case of two of the 
measurements, highly significant, the magnitude of the decrease 
in the responses was less than with direct tolerance to LSD* 

These facts suggest. that, although tolerance to psilocybin does 
develop. It develops mors' slowly or is less complete than is 
tolerance to LSD. For this reason, the relatively snail {though 
consistent) decline In 'the response to LSD after chronic 
treatment with, psilocybin is not surprising. 

The failure to* reach significance in the decreaso in 
responses on the questionnaire was due in every case to one 
individual who was very sensitive to both drugs while not 
tolerant. Ho scored over 200 responses after LSD, and over 90 
responses after psilocybin in both the first and second controls. 

The number of responses on challenge with either LSD or psilo- 
cybin after chronic administration of either drug varied between 
10 and 30. The decrease in the number of positive responses 
was, therefore, very great and indicative of a high degree of 

tolerance and cross tolerance* Th3 large 3ize of the difference, 

for the group as a whole 

however, skewed the distribution of the data/ and made the 
variance very large, and therefore prevented a statistically 
significant result. 
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Since the experiment was not entirely conclusive^ and 
since the failure to roach a completely conclusive result 
might be due to the small number of subjects, it should be 
repeated using the same design in the hope that the large 
number of subjects wl 1 X reduce the variance* It Is also 
possible that the failure to reach statistical significance 
■sras due to a relatively low degree of tolerance to psilocybin. 
In the latter case, the period of- chronic treatment with 
psilocybin shodld be extended and, perhaps the psilocybin 
dosage should be increased to 200 raeg/kg. 

Although net Entirely conclusive, the results are 
sufficiently suggestive to support rather strongly the notion 
that LSD and p3ilccybin induce a psychosis by some common 
biochemical or physiological mechanism. 

SUMMA&Y ' 

1, Cross tolerance between LSD-25 and psilocybin was 
tested by * challenging* 5 men with 150 aeg/kg of psilocybin 
after they had received LSO-25 onca dally for ?-8 days 
{25 meg/kg increasing to 150 neg/kg)* 
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2. A high degree of "direct" tolerance developed to LSD 
after chronic adsai nitration for 7-3 days. The development of 
"direct" tolerance to psilocybin tma not proved conclusively, 
although the results are strongly suggestive that partial 
tolerance to psilocybin was present, 

3. Responses to psilocybin after chronic administration 
of LSD arc highly suggestive cf cross tolerance between LSD and 
psilocybin. Diminution in the responses to LSD after chronic 
treatment with psilocybin, while suggestive, were not sufficiently 
great to establish' conclusively the presence of cross tolerance 
between psilocybin and LSD. 

h. The cKperinent should bs extended to include at least 
5 other subjects and, if the results are still inconclusive, 

LSD and psilocybin should be extended for a longer period of 
time and higher doses given. 
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Subjects "X n first received LSD chronically. 
Subjects "Y” received psilocybin first* 
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Table 2* 


Differenc 

as in Responses to 

Placebo, 1.5 

aeg/kg 

of LSD-25, 

• 

and. 150 me 

g/kQ of Psilocybin 

cn First and 

Second 

Controls. 


MEASURE 



DRUG 



Placebo 


LSD-25 


Psilocyb 

in 

Temperature 

+ 1.4 t 

0.93 

- 0.2 t 

l.l 

❖ 0.7 ± 

0.57 

False Rate 

-10.8 ± 

13.1 

-24.8 ± 

28.2 

-1 6* l £ 

13.1 

Blood Pressure 

-22.2 ± 

25' 

-16.6 ± 

22 

-20.3 ± 

9.1 

Fupi 1 iary Sics 

+ 0.2 ± 

/ 

t* ♦ ^ 

y 

- O.Q2i 

1.3 

— 0*3 t 

1.32 

Knee jerk 

- 3.6 * 

A «* 

70 

. -25.9 ± 

21 

+25.5 ± 

16.5 

Responses on 
Que s t i onnai r a 

' ' .o- 


- 4 i 

31 

- 8.8 s 

13.3 

Clinical Grade 

0 


- 0.2 ± 

0.37 

0 



Figures represent the scan differences £ standard errors of 
the differences hetween measurements on the first and second 
controls in 5 subjects. None of the differences arc significant. 

*, Indicates that the average measurement was increased on the 
second control j 

Indicates that it decreased. 
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